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Abstract
We discuss the equation of motion of the rotating homogenous and isotropic
model of the Universe. We show that the model predicts the presence of a
minimum in the relation between the mass of an astronomical object and
its angular momentum. We show that this relation appears to be universal,
and we predict the masses of structures with minimal angular momenta in
agreement with observations. In such a manner we suggest the possibility at
1
acquirement of angular momenta of celestial bodies during their formation
from the global rotation of the Universe.
keywords angular momenta, Universe rotation
1 Introduction
The pioneering idea of the rotation of the Universe should be attributed
to G. Gamow [1], who expressed the opinion that the rotation of galaxies
is due to the turbulent motion of masses in the Universe, and “we can ask
ourselves whether it is not possible to assume that all matter in the visible
universe is in a status of general rotation around some centre located far
beyond the reach of our telescopes?”. The idea of turbulence as a source of
the rotation of galaxies was afterwards developed by C.F. von Weizsaeker
[2], Ozernoy and Chernin [3], Ozernoy [4], but presently is only of historical
value. [If the angular momenta of galaxies had orginated in such a way,
their spins should be perpendicular to the main protostructure plane [5],
which is not observed.] The exact solution of the Einstein equation for the
model of a homogeneous universe with rotation and spatial expansion was
proposed by Goedel [6, 7]. The observational evidence of global rotation
of the Universe was presented by Birch [8]. He investigated the position
angles and polarisation of classical high-luminosity double radio sources,
finding that the difference between the position angle of the source elon-
gation and of the polarisation are correlated with the source position in
the sky. Immediately there appeared a paper by Phinney and Webster [9]
concluding that “the data are unsufficient to substantiate the claim” and
the statistics are applied incorrectly. Answering, Birch [10] pointed out the
difference in the quantity investigated by him and that by Phinney and
Webster, showing that their data exhibit the such effect. At the request
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ofBirch, Phinney and Webster [11] reanalysed the data, introducting new
“indirectional statistics” and taking into account possible observational un-
certainties. They concluded “that the reported effect (whatever may be its
origin) is strongly supported by the observations”. Bietenholz and Kron-
berg [12] repeated the analysis for a larger sample of objects, finding no
effect of the Birch type. New statistical tests were later applied to the data
[13].
Nodland and Ralston [14] studied the correlation between the direction
and distance to a galaxy and the angle β between the polarisation direction
and the major galaxy axis. They found an effect of a systematic rotation
of the plane of polarisation of electromagnetic radiation, which depends on
redshifts. As usually, the result was attacked for the point of incorrectly
applied statistics [15, 16, 17] see the reply [18] with a claim that the new,
better data do not support the existence of the effect [19].
The problem of the rotation of the whole Universe has attracted the
attention of several scientists. It was shown that the reported rotation val-
ues are too big when compared with the CMB anisotropy. Silk [20] pointed
out that the dynamical effects of a general rotation of the Universe are
presently unimportant, contrary to the the early Universe, when angular
velocity Ω ≥ 10−13rad/yr. He stressed that now the period of rotation
must be greater than the Hubble time, which is a simple consequence of
the CMB isotropy. Barrow, Juszkiewicz and Sonoda [21] also addressed
this question. They showed that cosmic vorticity depends strongly on the
cosmological models and assumptions connected with linearisation of ho-
mogeneous, anistropic cosmological models over the isotropic Friedmann
Universe. For the flat universe, the value is ωH0 ∼ 2 · 10−5.
Another interesting problem was the discussions on the empirical rela-
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tion between the angular momentum and mass of celestial bodies J ∼M5/3
[22]. Li-Xin Li [23] explained this relation for galaxies as a result of the
influence of the global rotation of the Universe on galaxy formation.
2 Universe and its angular momentum.
Homogeneous and isotropic models of the Universe with matter may not
only expand, but also rotate relative to the local gyroscope. The motion
of the matter can be described by Raychaudhuri equation. This is a re-
lation between the scalar expansion Θ, the rotation tensor ωab and the
shear tensor σab [24] [25]. The perfect fluid has the stress-energy tensor:
Tab = (ρ + p)uaub + pgab, where ρ is mass density and p is pressure. The
Raychaudhuri equation can be written as:
−∇aAa + Θ˙ + 1
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Θ2 + 2(σ2 − ω2) = −4πG(ρ+ 3p), (1)
where Aa = ub∇bua is the acceleration vector (vanishing in our case),
while ω2 ≡ ωabωab/2 and σ2 ≡ σabσab/2 are rotation and sheer scalar
respectively, Θ is scalar expansion.
It has been shown that the spatial homogeneous, rotating and expand-
ing universe filled with perfect fluid must have non-vanishing shear [26].
Because σ falls off more rapidly than the rotation ω as the universes ex-
pand it is reasonable to consider such generalization of Friedmann equation
in which only the “centrifugal” term is present i.e.
a˙2
2
+
ω2a2
2
− 4πGa
2
3c2
ǫ = −kc
2
2
, (2)
where ǫ = ρc2 is energy density, k is curvature constant, a is scalar factor
and a˙ ≡ ddta (or ˙ ≡ ddt ). Equation (2) should be completed with the
principle of conservation energy momentum (tensor) and that of angular
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momentum:
ǫ˙ = −(ǫ+ p)Θ, Θ ≡ 3 a˙
a
(3)
p+ ǫ
c2
a5ω = J. (4)
From that we can observe that if p = 0 (dust) then ρ ∝ a−3 and ω ∝ a−2,
while in general σ falls as a−3 [24]. The momentum conservation law should
be satisfed for each kind of matter, and consequently the angular velocity
of the universe will evolve according to different laws in different epochs.
Before decoupling (z = 1000), matter and radiation interact but after de-
coupling dust and radiation evolve separately with their own angular ve-
locities ωd and ωr. Quantities ω and ρ can be written as ω = ω0(1 + z)
2,
ρ = ρd0(1+z)
3+ρr0(1+z)
4 the total mass density of matter and radiation.
The conservation of the angular momentum of a galaxy relative to the
gyroscopic frames in dust epochs gives [23]:
J = kM5/3 − lM, (5)
where k = 2
5
(
3
4piρd0
)2/3
ω0, ρdo is the density of matter in the present
epoch, l = βr2f (1 + zf )
2ω0, rf is galaxy radius, and β is a parameter
determined by the distribution of mass in the galaxy.
In [23] the (present) value of the angular velocity of the Universe is
estimated. A suitable value for k is 0.4 (in CGS Units). Taking ρd0 =
1.88 · 10−29Ωh2g cm−3 and h = 0.75, Ω = 0.01 (Peebles [27] for rich clus-
ters of galaxies, see also [28, 29]), we obtain ω0 ≃ 6 · 10−21rad s−1 ≃
2 · 10−13rad yr−1
It is interesting to note that there are the minimal values of Jmin,
corresponding to same Mmin.
From the analysis of relation J(M) [eq(5)], we obtain the presence of
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the global minimum at
Mmin =
(
3l
5k
)3/2
= 1.95r3f(1 + zf )
3ρd0, (6a)
Jmin = − 6
√
3
25
√
5
l5/2
k3/2
, (6b)
For us it is important that J grows as a function ofM after the minimal
value of M . It should be stressed that the value of Mmin does not depend
on the value of ω, i.e. the value of the rotation of the Universe.
Li-Xin Li [23] considered the way an object of the size of our Galaxy is
gaining angular momentum. It is an interesting approach to the cosmogo-
nical problem. Following the considerations of Li-Xin Li [23] by accepting
Ωm = 0.01, zf between 1 and 3, rf = 30Kpc ≈ 1023cm, and assuming the
value of β 0.5 or 0.4 as the coefficient of the inertia momenta in the equa-
tion for a celestial object (i.e assuming disk like spherical shapes) we obtain
the value of Mmin ∼ 5 · 1039g ∼ 2.5 · 103M⊙. Fig. 1 shows dependence of
J(M) in that case.
From the observational point of view, only absolute values of J in rela-
tion (5) are important. Due to this fact, the minimum value of |J | is easily
observed. From Equation (5) and (6a) it is seen that this value equals 0
for:
M0 =
(
l
k
)3/2
≈ 2.15Mmin. (7)
In the considered case M0 ≈ 5 ·103 M⊙. This is sub-globular cluster mass.
It seems to be accepted that such structures are not rotating.
Because Mmin as well as M0 do not depend on ω, it is possible to
consider relation (6a) as a universal one for any collapsing-dust proto-
structure.
Let us consider a proto-solar cloud with a diameter of about 1 ps.
Because the formation time of the solar system is certainly shorter than
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Figure 1: The relation between angular momentum J (in CGS units dev-
ided by 1060) and M (inM⊙) of the astronomical object for the galaxy-like
protostructure.
that of the galaxy formation, equation (7) gives M0 ≈ 1024g. Such are
the masses of giant satellites in the Solar System. Disregarding the Moon,
their angular momenta are smaller than those of planets and asteroids [30].
Thus, the mass corresponding to the minimal momentum of a celestial body
shows correctly those structures which in reality have the minimal value of
angular momenta.
Numerical simulations with dark matter taken into account show that
primordial picture of large scale structure formation consists of a network of
filaments. During gravitational collapse, clusters of galaxies are formed at
the intersections of filaments. The question arises: how greatM0 (for dust)
should be. Assuming the radius of the proto-structure to be of the order of
30 Mpc, which is consistent with the Perseus-Pisces and Hydra-Centaurus
superclusters [31] and zf = 6 then we obtainM0 ≈ 5 ·1013M⊙. Taking into
account that this is the mass of dust, it corresponds to the total mass of
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Figure 2: The dependence beetween the value of logM0 (inM⊙), logarithm
the protostructure radius rf (in cm) and redshift formation zf .
galaxy cluster of the order of 1014 to 1015M⊙. These contributions are con-
sistent with observations under the assumption that the evolution of dark
matter density follows that of dust density. We point out that presently
there is no evidence of rotation of cluster of galaxies. In other words, our
considerations show that the predicted masses of structures having minimal
angular momenta are in agreement with observations. Assuming that the
density, in which the proto-structure is formed is equal to the dust density
of the Universe, the radius of the proto-structure together with the red-
shift formation univocaly determines the mass M0 for which the absolute
value of the angular momentum of the structure is minimal. This relation
is schematicaly presented in the Fig.2. In such a manner it is possible to
consider a universal mechanism of structure rotation.
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